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Ae. Statement of the Problem | 
Problem in Pied Piper ferret reconnaissance develorzent is - 
netic intercept equipment to-be carried in an Osciting 


Setellice vehicle, which wily gather radar intercept data, process and 
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os processing or 

"data gathering 
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and processing, and 
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mo Estimated ant. 
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- grated. pre's on a magnetic ‘Cape . transport rat 
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“ and pulse width recording. ‘the individual techni. 
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ia “vn on Sensing is also required in order to resolve ferret antenna 
ee tobe and side lobe intercept. Although Jobe a eating 2 
‘finding : mally ellovs ® 180-degree directional ambiguity, this aitticuity: P48 
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et the output of each chanel. While usable, this system places severe sta- 


may.te used for direction finding with nondirettive entennas. A block — 
| diagram is shown in Fig. 3-3. | - . 
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‘etterns of the Wo antecnas in one plane. ie man eters and te 
| tran signal patterns ‘for tio antemas are shovn tn Fign 3-4(b), (c), ana ana (a). 
a ‘When a signai. ds snetved tnt ssh anit ty eeconcacs 
; scien te erent of the Fad onde om och etn i 
| ferent. The fields at the an-ennas are | 
| h- = B,0°% 
Ba = Epes 

Rye yt 
Bane a 

hae =k» «i = 2 “E(e” 2a ar ee 
a si-nals are combined in hybria rings, which operate over 
a Na frequency band at the - frequencies involved (Ret. 5). The resultant | 
. sum nnd difference signals are. amplified in separate receivers; the relative 
Wate Femmise wcaaged by the heterotyning process, The difference signals 
(are then compared to the reference (eum) eigoal tn phase sensitive product | 
‘Aetectors, ds shown in Pig. 3-3. The error signals which ‘Tesult have the 
form of Pig. 3-h(a). They contain both amplitude and sense information. ° 


_ Before; on eagle iaree’ i engl nermeta ein be tae to . 


| satel tte direction ‘are achieved. Since the measurement of vavelength is 


7 implied for direct sensing. over a wide frequency band fysten, two alternatives : 
are: possible: (1) 2 can be obtained from the receiver tuning and introduced 
into the direction aiaiyaia or he degradation due to changing kn be-ec- ; 
_ Meine #2 ee same Vay au altering bemwidth in a staple antenne. fo . 


: Problens of Neate and mitiple —— vill now be discussed. 
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_ " channel. ST ee ce 
- meroept level ts suttictently high. 


7 ets 7 Mibtiple Intereeyts 


In the: syaten a is deserted, phase information is - 


a available on each received Pulse. This is a Large inproveucat over ia, : 
mutating or. contealty Scanning @irection Tinders and srarintne © solution a 


to the mati intercept problem. 
- ‘Assume for example ‘that, two. Signals are fees legates 


a et oe te The 

output of the difference Samuels 4a: Giecrete ant a: compared pulse-ty- 
Pelee to them chanel outst in the’ phage detects The phase de- 
Sectors ignore any ifterence in sigul, amplitule. ‘The date output then 
| nee ae en HER. for ea 7a on « pane pise 
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In superheterodyne receivers, 10 ke modulation can be | 
applica to the first detector (mixer). ‘the output: of ‘the second detector 


| Ser onsite #204 for af oat sak mayb ected sn teen 


© pulsed intecepts. me output 18 applied to.a notch fitter and to « 


| Fe a TAR Se ene tn nt te metas th 


vith . a ferrite or ‘crystal modulathr. The nodulation is applied ahead ¢ of" the & 


amplifier for two reasons: Qa) at avoids modulation of receiver Fee noise 
end (2) it also permits residun} 10 ke from being epplied to the crystal 


| detector when. no signal is. Present. ‘The video output ts Frocessed with 
: notch and bandpass filters to raparate the 10 ke and pulses in the o same 
~ as in the super. heterodyne, , 
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_ reseimgrs mst be feduced to useful data, idea wate | 


- ‘version of the Pioneer and Advanced systens: | Pulse ae discriminator ce 
; and FEF gates will be arranged to reject ali igoals sreept those with a 
‘predetermined characteristics. Upon reception of a signal of special 


mena vinnleensi abreast eine 


e eeorses so ae detailed enalysis may be unde Of tte: ebarecteristicn _ 


a ‘signals which wilh be beeen on. the eariy flights may become. 


7 of tmportance as Doppler Radar ayetens are perfected, Fig: bel in a 


block diagram of. & systen which will - indicate the presence of Cw signals 
Se FDL eilow the secciver to be ued for pulse amuyats. ta this 


is also obtained from the 20-ke oscillator. | The output of the. ‘Product: 
detector vill be a d-c voltage of small value for pulse signals and of 
“large value for Cw signals. re narrow ‘bandwidth of the commitator 
‘ ayeten will effectively remove any méulation fron the ow — : 
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De PMO of inten pohen cn reed ite wo 
: essentially different Problens. ‘One involves ‘the interection (or a 
: dependence) of the ground redar signal environment and the parameters 


: ‘of the reconnaissance intercept, aystea, menely, the receivers and = 


antennas. The other problem concerns the deteratnation of the minis 


input signal-to-noise Tatio at the ferret antennas in order to ‘Achieve 


sone prescribed maximum false-alern rate when only noise (a0 signal) 


- ts Bresent, 1 Aad © presertbed minimum protantlity of dstection when sik - 
is a signal Present. Since it is tacitly assuned inthe former Froble, 


. a thet it. will ‘Properly. Fespond when the receiver is Presented with a 
: sigual,. the latter problem is logtcalty treated first. . | 
| In general, the process of detection in a receiver implies a. 
statistical decision as to whether or ‘Bot ‘a signal was present or not 
2 during a given time. For the Purposes of analysis the following de-. 
f tection process is followed: “the output of a square-lay detector is 
sampled at m ditterent instante of tine Fer enough apart so thet noise 
-. samples are uncorrelated. Ascuning an average ‘Rolse pover, KR, we decide 


a signal is presert if the average of m samples exceeds by an ancunt mn. 


Othervise, no signal is tresent. In the actual aysten, this devection 
scheme ee svrrexinated by continous  tategretica, i.e., the. 
. During invereept, the. various ferret receivers wild be poate 
mY averages. Thus, B bein eb tee mae 
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- ‘valid detections to 2 the total foaber of averages that & did contain the | 7 7 2. ea 
7 Sigal. Po is the ratio of false alarms (deciding a signal is Present | nt 
ie te : ee “vbea a ectually sone ia) to the total amber of averages containing no i 
em fe | signal. The ‘Feistionshipe vereen *p and k, end Pp a, and aly ratio. me 
— at the receiver anput, are ‘shown graphically in Fig. 5-1. The analysis | | re 
7 lesding to theee relationships vilt be sueluded in Bat. 4h. Ree data in bb * 
. s Pig. 5-1 assumes hice baal the signal is Present, it is present in every. _ sh | 


fe 


one of the samples. ‘The curves in Fig. 9r2 indicate the magni tute of : 
| the eifect on 7 ratio for the sigzal being present t during only halt | 
the samples. : a 
Phe direct ‘epplicabiiity of the relationships in Fig. Sel and 52 
to the Proposed ferret reconnai esarice receivers depends. on the equiva. 
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lence of the sampling detection schone described above and continous 


| detection (int tegration). This latter. type of detection method, vhich is | 
by far the Bost common form, will be employed in the ferret receivers. | 
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distribution of the two prozesses, ; each baving some probability. distri- 
Co - ‘bution. (Foot Deen goes by Berean Langer (a. 6). 
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BL, Hoover Crystal Video Receivers ae tu | 
a Pioveer receivers will afford a first amproximation of the 
‘Bussian radar environment by. indicating ‘the relative importance of each 
frequency bend, and correctly _ Adentitying perhaps 50 percent of the | 
‘radar intercepts. Be mort sch ivefeegny bende wR seguise the 2 
| greater capabilities of succeeding high resolution superbeterodyne 
“Feceivers. According to the data given in Ret. 2 more thin 75 percent 
of the radars intercepted can be properly classified with the measurement 
| accuracies obtainable vith the advanced ‘Fecomnaissance superheterodyne 
“receivers. For 100 percent measurezent accuracy, 90 percent of the’ 
reda~s could be. Properly classified; the renaining a0 percent could 
not be classified due to the close similarities of certain radar types. 
It is clear then that by superimposing the data accumlated by the 
wi ete «ene tt oe my sane 
- | ‘A min into 3 of 4 sa stad vith ne 
crystal video systen. If a ee redar illuminates the satellite 
| during © complete,2 - second sampling interval, it will clearly be : | 
identified, ‘et least as to prr. When two or more redars illuminate the 
" vehicle. during © sampling interval, » the combined rf vill be indicated. 
Ais, vie a ingle radar sittaintes tie rebel for only peri of tae " 
_ interval, sn <rroneous prf vill be indicated, since the yet measurement 
a is an integration process which’ merely counts the number of pulses | 





| feseded tn thie interent Tua, 1 nes Sa nts 6 gh pcan at et 
: correct. radar. Adentifieations, ‘the. following. condition must: obtain: each _ 
. radar must singly ‘{uminate the vehicle for a complete r second semling 


interval. In ‘general, this. condition wil be. obtained, for all radars, ex- 


4 cept certain Precision ca equipments, which have Cosecant~squarea vertical 
patterns ,but have narrow szimuth beamidths ‘and rapidly scanned antennas. | 


an ee 


: : cept carncteristion, Interpretetion of the date obtained for. @ single in 
tetcept m must ‘Recessarily be accomplished vithin ‘the context of the complete | 

record. - For example, in a particular intercept, it. may be confusing vheth- 

| er the vehicle vas tm taneously ‘iminated by tvo radars (oF by one ‘vith | 


a higher prt. This situation ‘Can often be  Fesohved from a rN of 


: | i's obtained from prior intercepts. 


It has been assumed that vhen groups. of radars tiutoate the 


| Terres. system; no two of these: radars are aynchronised, Tate imeameal 

< that they do act simi taneously scan the ferret vith a ‘time phase | 

: -Gisplacenent between the tio Tadars of less than 30 milliseconds. | The 

| resolution of. inatviduan. radars is enhanced by using ferret antennas as 

‘4 - patrow as possible (thts assures that’ similar radars are not at the same 
L Leestion), ‘more frequency. channels, ‘and more accurate measurerent of a 
wf. Tews STO anion Demand 4 mre secure re ee not cone 

: | pletely possible for the pioneer system because of the specified 


Linitetions, but. ‘they vill be: the design objectives of. the subsequent - 


alasions. In midition to the above signed  clarestertatice, ‘the: 
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for additional datal reliability ag hoted above. 
‘% : 6.1.1 ‘Braluation of Mutts le nti , — or? 
> ke : The ploneer crystal video nysten uses vide open receivers 
= vi th antennas ° ented toverds the horizon. ‘Por a 5-degree beamwidth fer- _ 
_ antenna oriented tovard the horizon, the i2iuminated. ground ae ts . 





4 trac . cking t : and command . i. ‘Also ,, the Talo ® systen has a much | highe ¥ power so 
that ‘the station spacing is somevhat larger, i.e., about 30 miles as con- 


. . pared to about 20 miles for Nike. In either case, the ares coverage is 


one ‘auch weapons systen may de simi taneously encountered. : | 
ts as : Furthermore, it vas pointed out in Ref. 7 that current 
) . practice in the Soviet Union is to use ko me channel widths, : The state- 


the antennas ere pointed directly at each other. Consequently, this narrow 
channel width must te regarded as a future Possibility. On ‘the basis of 


| a hO-me spacing, of the radar density as shown in Pigs. 6-1 and 6-2 of - 


: uniform frequency distribution of the radars, and of the frequency channel oo 
| Pelpdsy pb 
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| radar beewmidth, 6p, then the probability that the radar points at the 
"satellite at some given tine is edge gee tes 


(BY induction, 4 follows that the probability that 7 radars are pointes 
‘at the satellite at some Given time is just {eng} -. This formila is — 
“Srplicable to the situation in which the ferret {luminetes a radar or a 
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a ae iy i . 0? = (t0 oe, 
-_ : e. se nana (gm) 


where Gp = ma = G7, since the Silethiiee tales to be {dentical. Ts, 
| at the extrene Vulues of Ry =-0° and 360° ~ @° R? (rn)? reduces to the re. 


quired boundary Values Ge and unity. For. Gp + Re Greater than (360), 


eg. (2) Ylelds values greater than unity but it is Anvalta. to test the. 
| forms tor values ; greater than 360. degrees. | Note that eq. {2) represents 


be epace-phesed me «< Rg is given by 


err tend Be gy 


In General, the. * mrbabtlity that mot ~ radars wil? be 





me fd 


‘radars is ‘eiven by 


Consequently, ti the probanaity 0 of  cetngstig between each of the a 


i a eT teem 7 + 


—™® apply this last result to the case of five sdenticad radars, assume -_ 


that ©_= 5 degrees ot Reo. % lence, the Probability is very Rearly 


; given using the first summation tern of eq. (6), 7 


Fant ah GE SE) sae 


| Plso, for ©, ; 10 0 degrees * | 


These. = represent a significant degree « of confidence witch can be o 
placed on the data during the specitiea conditions of intercept. 
| | From the. point of view of ‘the ferret design, this g quan- 
tity nan basa Wy wang oe tnd therefore, 2, as small as 
Porat, . This, of course, agrees with our intuition in ‘the matter. - 
6.1.2 Look Time = Hunber’ of Pulses Recet ved 
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ae probebility of detection and false-alara rate. “the probability that the: i, 
- “two systens see each Ocher is given by — a4 : tee, 
: Poa (673, a *: - wen : : 


ae 
ol. wt NN |} 
. 





‘ihe: i radar benmviath, degrees 
A 5 dagree antenna, oriented 5 degrees b delow the eatel- = a ; 
lite hort zon has an eertr in the direction of orbital scanning of 
100 x. miles. Since the - . “le ground speed is about 5 miles per = 
| secon . Te a 20 ‘beconds. ‘Ae an cxmcple of the application as of this 
| equation, for 1 the Eniferest rider 7% = 1 rpm and Ge . 25 degrees. | 
| Under these conditions, (PD a 120. ‘S 0.8, Tovewer, “the 7 
| other Russian radars Listed, in the tables ; yield values greater chan | 
unity. A (Pr) Greater than untty werely indicates that the radar rr ee 
and ferret wild “see” cach other at least | once during + the pess of the a o <é } 
ferret over the radar, | | | 
a Rae tate to ine ge. Som of te average miaber of ae 
searches. to intercept & radar; suc. cs Kaiferect, vita 0.99 Protabtitey 7 i 
(Pr). ‘The (Pt) that the redar is undetected arter 5 wearches' 1 
- | | (Urry aa re : 
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an aay vith Ra probability that the | 
a : es ee ‘radar is not present. ‘The everage miter of searches required to de “2 
at a ae tect the mar with 0.99 probenility is :3 a a 
hot eke ** < - Yn > pty | | 
Xe a 7 | ae Each tern in the ‘Sequence is the munber of searches: "tines the Eula a 
fe | _ | - 4 debility that the vadar is undetected after 1 searches. For wv z OF * | 
bi " 7 : PI . 0.4, we have Ss ea 3.5. ice ‘there mist be an integral © ; 
wees ge? | tmaber of searches, | 
Tus, ‘for the assumed conditions, ie lar be tera eh 
2 oe — average of } secrches. re ; 
2 ie : . 2 o, * (6.2, Miracea Reconna! sssnee Ferret System 6 Re, 
ae oo ae: father Sapect of the intercept problen is associated with - aa 
oe | _ ow the reconnad sence systen employing scanning superheterodyne reseivers. . an 
oe ~ 4 — SE ee me eve, , tt mist_dweli-ieng enough at a. ; i ~ 
<4 ee _ rMiedar'trequmey, it mist dwell. long enough at © particiler. tre. . 
sont | . ce  Q@uency to pick up the minimum smber of detectable pulses, “This ree - 


wet = dynes. The Probebility of intercept 4 is thee. gives by: : 
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- 7 Mist mater of étetatsepeens o, 
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_— % += ferret  Alluminates mater « tine to scm * ree 


In this ; squation, | Se easentialty as the fastest 


. Feceiver tuning rate. “Mr comple, the Stand token radar as « 
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